Introduction {#sec1-1}
============

An internal hernia (IH) is defined as the protrusion of abdominal viscera, most commonly small bowel loops, through a peritoneal or mesenteric aperture into a compartment in the abdominal and pelvic cavity ([@ref1]-[@ref3]). Cross-sectional imaging (MRI, CT and US) ([@ref4]-[@ref7]) techniques, gained large application in gastrointestinal radiology in the emergency department; they are is indicated as first line techniques in the diagnosis, staging and follow-up ([@ref8]-[@ref23]).

Hernial orifices can be congenital, including both normal foramina or recesses and unusual apertures resulting from anomalies of peritoneal attachment and internal rotation, or acquired if caused by inflammation, trauma and previous surgery, like gastric by-pass for bariatric treatment and liver transplantation. Due to the growing popularity of these surgical procedures, the overall incidence of internal hernias has been recently increasing ([@ref24]). Although relatively uncommon, they represent a potentially life-threatening condition and a surgical emergency since the bowel entrapment in one of the defects can lead to acute intestinal obstruction with rapid evolution, if left untreated, into strangulation and ischemia. According to various investigators, internal hernias cause up to 5,8% of all small bowel obstruction (SBO) ([@ref3], [@ref24]-[@ref27]), with a high overall mortality rate that can exceed 50% ([@ref26]).

The most common manifestation of an internal hernia is strangulating SBO, that occurs after a closed-loop obstruction ([@ref2], [@ref11], [@ref28], [@ref29]). However, the clinical manifestations range from mild digestive symptoms to acute abdomen, as symptom severity relates to duration and reducibility of the hernia and the presence or absence of strangulation and incarceration ([@ref24], [@ref25], [@ref30], [@ref31]). IHs may remain clinically silent if easily reducible, but the larger ones often cause mild discomfort ranging from constant vague epigastric pain to intermittent periumbilical pain as they occasionally show spontaneous reduction, abdominal distention, nausea and vomiting. Physical examination may reveal a palpable mass of herniated loops with localized tenderness ([@ref2], [@ref32], [@ref33]).

This non-specific clinical presentation often leads to a delay in diagnosis, in most cases made at the time of laparotomy ([@ref3], [@ref26]), and consequently in proper treatment, carrying risk of serious complications; therefore, when the possibility of internal hernia is considered, a rapid imaging evaluation is necessary to aid an early diagnosis and a prompt intervention. Multidetector Computed Tomography (MDCT), with its wide availability, has become the first line imaging technique in these patients and play an important role in the preoperative diagnosis and planning of surgical intervention ([@ref33]-[@ref37]).

Classification {#sec1-2}
==============

According to the traditional classification devised by Welch, eight main types of internal hernia can be identified on the basis of the topographic distribution of bowel loops related to the anatomic location of the orifice ([@ref38]) ([Fig. 1](#F1){ref-type="fig"}).

![Drawing shows the anatomic sites of internal hernias: 1a: left paraduodenal hernia, 1b: right paraduodenal hernia, 2: foramen of Winslow hernia; 3: pericecal hernia; 4: sigmoid-mesocolon-related hernia; 5:transmesenteric hernia; 6: transomental hernia; 7:supravesical and pelvic hernia. Asterisk: greater omentum open and reflected laterally](ACTA-90-20-g001){#F1}

Despite classically paraduodenal hernia has been described as the most common type of IH, recently transmesenteric hernias have reached a higher incidence, in relation to the increasing frequency of surgical procedures in which a Roux-en-Y loop is constructed ([@ref39], [@ref40])

Doishita et al. proposed a categorization of the various types of internal hernia in three main groups according to the type of hernia orifice, depending on whether the herniation occurs through a normal foramen, an unusual peritoneal fossa or recess into the retroperitoneum, or an abnormal opening in a mesentery or peritoneal ligament ([@ref33]).

Role of computed tomography {#sec1-3}
===========================

Since the interval between intestinal obstruction and ischemia may be short, a time-consuming diagnostic workup before surgery may be dangerous for an acutely ill patient ([@ref25], [@ref41]). CT, with its speed of execution, is the imaging modality of choice for the investigation of acute abdominal conditions ([@ref3], [@ref42]-[@ref45]) and in particular is recommended for the evaluation of patients with acute SBO, particularly when clinical and initial plain film radiography indicates a higher grade obstruction or remains indeterminate e/o strangulation is suspected ([@ref46]). Several studies have demonstrated the accuracy of CT in the detection of small bowel obstruction, with a sensitivity and specificity of 94-100% and 90-95% respectively ([@ref47]-[@ref50]). CT plays a more active role compared to conventional imaging methods in the identification of the site, level, cause of obstruction and the presence of ischemic changes at the involved bowel. Currently, with the possibility of using high quality three dimensional reformation techniques such as multiplanar reformation (MPR), maximum intensity projection (MIP) and volume rendering (VR), CT provides important advantages in evaluation of small bowel and surrounding structure, increasing the diagnostic confidence in the localization of the transition zone ([@ref32], [@ref46]). Small bowel obstruction of an internal hernia is usually a closed-loop obstruction, in which a segment of the bowel is occluded at two adjacent points along its course. Direct signs of a closed-loop at CT are a U- or C-shaped, fluid filled, distended intestinal loop or a radial array of distended loops with stretched and thickened mesenteric vessels converging to a central point ([@ref33], [@ref47], [@ref48]) ([Fig. 2](#F2){ref-type="fig"}). In this setting, a cluster of dilated loops or a 'sac-like appearance' of crowded small bowel loops owing to encapsula-tion within the hernia sac at an abnormal anatomic location is highly suggestive for IH ([@ref26], [@ref33], [@ref51]). CT scans show the convergence of bowel, mesenteric fat and vessels of the closed loop in correspondence of the hernia orifice and abnormal displacement of surrounding structure and key vessels around the hernia sac ([@ref33]) ([Tab. 1](#T1){ref-type="table"}). If intestinal strangulation is present, engorgement, twisting and dislocation of mesenteric vessels in correspondence of the hernia orifice can also be observed ([@ref46]), with the detectionofreduced bowel wall enhancement in cases of ischemia and pneumoperitoneum, focal discontinuity of the bowel wall and abscess or peritoneal fluid if intestinal perforation occurs ([@ref52], [@ref53]). Specific CT findings of each internal hernia are reported in [table 2](#T2){ref-type="table"}.

###### 

CT key points of internal hernias

  --------------------------------- ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Bowel configuration               a saclike mass or cluster of dilated small bowel loops within an abnormal anatomic location in the setting of small bowel obstruction
  Mesenteric abnormalities          convergence of vessels and mesenteric fat at the hernia orificedisplacement of key mesenteric vesselsengorgement, crowding, twisting, stretching of mesenteric vessels if strangulation is present
  Position of surrounding viscera   displacement of surrounding structures around the hernia sac
  --------------------------------- ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

![Closed loop small bowel obstruction. Contrast enhanced axial CT scan shows a radial array of distended small bowel loops (B) with stretched and thickened mesenteric vessels converging to a central point (white arrow). Bowel wall thickening (arrowhead) and mesenteric edema (asterisk) can also be observed.](ACTA-90-20-g002){#F2}

###### 

CT findings of internal hernia

  ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
                                         **Bowel configuration**                                                                                                                                                          **Mesenteric abnormalities / Anatomic landmark vessels**                                                                                                     **Effect on surrounding structures**
  -------------------------------------- -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- ------------------------------------------------------------------------------------------------------------------------------------------------------------ ---------------------------------------------------------------------------------------------------------------------
  **LEFT PARADUODENAL HERNIA**           encapsulated agglomerated small bowel loops with a sac-like appearance\                                                                                                          convergence of engorged vessels grouped together at the entrance of the hernia orifice\                                                                      displacement of the posterior stomach wall anteriorly and the duodenal flessure and the transverse colon interiorly
                                         in the LUQ, lateral to the ascending duodenum, between the stomach and the pancreas, or behind the pancreatic tail, or between the transverse colon and the left adrenal gland   enlargement, stretching and displacement of IMV anteriorly and leftward. IMV and left colic artery at the anterior and medial border of the hernia orifice   

  **RIGHT PARADUODENAL HERNIA**          encapsulated agglomerated small bowel loops with a sac-like appearance\                                                                                                          convergence of engorged vessels grouped together at the entrance of the hernia orifice\                                                                      rarely ureter displacement and compression
                                         in the RUQ, lateral and inferior to the descending duodenum\                                                                                                                     displacement of the SMA, right colic vein and ileocolic artery anteriorly. SMA and SMV at the anteromedial edge of the fossa\                                
                                         frequent association with small bowel non-rotation                                                                                                                               the jejunal branches of SMA and SMV may be seen coursing posteriorly and to the right of the superior mesenteric vessels\                                    
                                                                                                                                                                                                                          location of SMV to the left of and ventral to SMA if malrotation is present                                                                                  

  **FORAMEN OF WINSLOW HERNIA**          bowel loops in lesser sac between liver hilum and IVC, posterior to the stomach                                                                                                  convergence of engorged vessels grouped together at the entrance of the hernia orifice, elongated in front of IVC and posterior to main portal vein          displacement of the stomach antero-laterally anterior compression of main portal vein

  **PERICECAL HERNIA**                   clustered small-bowel loops with a sac-like appearance\                                                                                                                          convergence of engorged vessels grouped together at the entrance of the hernia orifice                                                                       displacement of the ascending colon anteriorly or medially
                                         lateral to the cecum and posterior to the ascending colon in right paracolic gutter                                                                                                                                                                                                                                                           

  **SIGMOID-MESOCOLON RELATED HERNIA**   clustered small-bowel loops (with a sac-like appearance in intra e inter-mesosigmoid types) posterior and lateral to the sigmoid colon                                           convergence of engorged vessels grouped together at the entrance of the hernia orifice                                                                       displacement of the sigmoid colon antero-medially

  **TRANSMESENTERIC HERNIA**             dilatated small-bowel loops, directly abutting the abdominal wall without omental fat, lateral to colon                                                                          convergence of engorged vessels grouped together at the entrance of the hernia orifice\                                                                      central displacement of the colon segments
                                                                                                                                                                                                                          displacement of the main mesenteric trunk to the right                                                                                                       

  **BROAD LIGAMENT INTERNAL HERNIA**     cluster of dilated small bowel loops herniated in the pelvic cavity laterally to the uterus                                                                                      convergence of engorged vessels grouped together at the entrance of the hernia orifice\                                                                      displacement of the rectosigmoid dorso-laterally and of the uterus ventrally\
                                                                                                                                                                                                                          mesenteric vessels of herniated intestine penetrating the broad ligament                                                                                     enlargement of the distance between uterus and ovary deviating in opposite directions

  **SUPRAVESICAL INTERNAL HERNIA**       cluster of bowel loops with a sac-like appearance in front of the bladder on the left or right                                                                                   crowded and engorged mesenteric vessels may be seen                                                                                                          compression and displacement of bladder
  ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

In the suspicion of IHs the use of intravenous contrast material is crucial for depicting mesenteric vessels, allowing an easier detection of hernias, and for the assessment of bowel wall vascularity. A non-enhanced scan should be obtain to de-tect an increased unenhanced bowel wall attenuation reflecting haemorrhagic congestion in cases of strangulation ([@ref33]). A suitable CT protocol is shown in [table 3](#T3){ref-type="table"}.

###### 

CT scanning protocol

  Parameter              Details
  ---------------------- -------------------------------------------------------------------------------------------------
  Section thickness      Preferably submillimeter (0,5-1 mm)
  Interval               Same as section thickness
  Scan area              Abdomen (from the xiphoid process down to the symphysis pubis)
  Contrast volume        100-150 ml
  Contrast flow-rate     3-4 ml/sec
  Scan acquisition       Non-enhanced scanArterial phase at 35-40 secVenous phase at 70-75 sec
  Image reconstruction   Axial 2-5 mm thicknessMultiplanar reformats in the coronal and sagittal plane at 3 mm thickness

Paraduodenal hernias (PDHs) {#sec1-4}
===========================

Background {#sec2-1}
----------

In the classic literature paraduodenal hernias account for approximately 53% of all cases of internal hernias ([@ref3], [@ref32]). They are found more frequently in men than in women, with a ratio of 3:1, having a sex predilection unlike most types of internal hernias. There are two main subtypes: left-sided, which account for 75% of all PDHs, and right-sided, which account for the remaining 25% ([@ref32], [@ref54], [@ref55]). Paraduodenal hernias occur when small bowel loops enter into a congenital, unusual peritoneal fossa in the vicinity of the duodenum as a result of abnormal rotation of the small intestine and failure of mesenteric fusion with the parietal peritoneum ([@ref2], [@ref56])

Clinical findings {#sec2-2}
-----------------

Patients often have a long standing history of indigestion or periodic cramps, vomiting and abdominal distention commonly dating back to the childhood; in particular postprandial pain which may be relieved by postural changes is a characteristic symptom ([@ref57]). PDHs carry more than 50% lifetime risk of strangulation and intestinal infarction with a mortality rate of 20-50% ([@ref58], [@ref59]).

Left paraduodenal hernias (LPDHs) {#sec2-3}
---------------------------------

### Description {#sec3-1}

LPDHs occur when duodenal segments and jejunal loops, more often proximal, prolapse through *Landzert's fossa* (or *paraduodenal fossa*)([@ref60]), an aperture found in 2% of autopsy ([@ref32]) located at the duodenojejunal junction (a zone of confluence of the descending mesocolon, transverse mesocolon and small bowel mesentery)([@ref61]), behind the descending mesocolon and to the left of the fourth part of the duodenum ([@ref33], [@ref40]). This peritoneal pocket is bordered anteriorly by a peritoneal fold lifted up by the inferior mesenteric vein (IMV) and ascending left colic artery that run at the anteromedial edge of the fossa ([@ref24], [@ref32]) ([Fig. 3](#F3){ref-type="fig"}). In LPDHs bowel loops enter postero-inferiorly through the mesocolic defect, becoming entrapped in the Landzert's fossa, and then extend further into the descending mesocolon and the left portion of the transverse mesocolon ([@ref24], [@ref54], [@ref60]). Since the afferent loop enters the sac from behind where the duodenum emerges from its fixed retroperitoneal position, only the efferent loop truly passes through the hernia orifice ([@ref32]).

![Graphic illustration of Landzert's fossa. The inferior mesenteric vein (IMV) and ascending left colic artery run at the anteromedial edge of the fossa](ACTA-90-20-g003){#F3}

### CT findings {#sec3-2}

The characteristic CT feature of LPDHs ([Fig. 4](#F4){ref-type="fig"}) is an encapsulated cluster of commonly dilated bowel loops with a sac-like appearance in the left upper quadrant at the level of the anterior para-renal space ([@ref33]). They can be noted either at the duodeno-jejunal junction between stomach and pancreas, at the level or just above and exterior to the ligament of Treitz, or behind the pancreatic tail or between transverse colon and the left adrenal gland, although these findings are non-specific ([@ref24], [@ref60]-[@ref62]). Usually the herniated bowel loops cause mass effect with displacement of the posterior stomach wall anteriorly, the duodenal flessure and the transverse colon inferiorly ([@ref1], [@ref38], [@ref40]). CT demonstrated IMV and left colic artery as a key anatomic landmark at the anterior and medial border of the hernia orifice ([@ref33], [@ref38]). Abnormalities of the mesenteric vessel that supply the herniated loops, as crowding, stretching and enlargement at the entrance of the hernia sac as well as stretching and displacement of the IMV laterally to the left can also be observed ([@ref2], [@ref38]-[@ref40]). Catalano et al. have reported a case of LPDH associated with volvulus, bowel wall ischemia and intussusception with additional CT findings like the target sign and a sausage-shaped mass composed of alternating high- and low-attenuation layers, indicative of intussusception ([@ref45], [@ref63]).

![Left paraduodenal hernia in a 37-year-old man who presented with nausea and intense abdominal pain. Contrast-enhanced CT scans, axial (a) and (b) and coronal reformatted image (c), show a sac-like mass of clustered dilated small-bowel loops (white circles) between pancreas (P) and stomach (S) with multiple engorged and prominent vessels (white arrow) at the point of entry of the sac](ACTA-90-20-g004){#F4}

Right paraduodenal hernias (RPDHs) {#sec2-4}
----------------------------------

### Description {#sec3-3}

In RPDHs bowel's herniation occurs through the *Waldeyer's fossa* ( or *mesentericoparietal fossa*), a congenital uncommon defect in the first part of the jejunal mesentery observed in no more than 1% of the population at autopsy ([@ref57]). RPDHs occur most frequently in the setting of a non-rotated small intestine and a normally or incompletely rotated colon. The recess is located inferior to the third portion of duodenum, behind the root of the small bowel mesentery and extends rightward and downward into the ascending mesocolon. The superior mesenteric artery (SMA) along with the superior mesenteric vein (SMV), runs along the anteromedial edge of the fossa and represents the landmark for RPDHs ([@ref33], [@ref61]) ([Fig. 5](#F5){ref-type="fig"}). In RPDHs the small bowel loops entrapped in this peritoneal pocket protrude through it toward the right half of the transverse mesocolon behind the ascending mesocolon, lying posterior and to the right of the SMA that can be displaced anteriorly along with ileocolic artery and right colic vein, located in the anterior margin of the neck of the hernia sac ([@ref24], [@ref38]). Because both afferent and efferent loops pass through the hernia orifice where they are closely apposed and narrowed, RPDHs are usually larger and more often fixed than those occurring on the left side ([@ref32], [@ref57]).

![Graphic illustration of Waldeyer's fossa. The superior mesenteric artery (SMA) and the superior mesenteric vein (SMV) run along the anteromedial edge of the fossa](ACTA-90-20-g005){#F5}

### CT findings {#sec3-4}

The characteristic CT feature of RPDHs ([Fig. 6](#F6){ref-type="fig"}) is an encapsulated cluster of dilated small bowel loops located in the right mid abdomen, lateral and inferior to the descending duodenum ([@ref38]). In addition, looping of the small intestine around the SMA and SMV at the root of the small bowel mesentery can be observed. In cases of intestinal non rotation the SMV is located in a more ventral and leftward position to the SMA and the horizontal duodenum is absent, with cecum in its normal position ([@ref61]). Rare cases of right ureter displacement and compression have been reported, underlying the retroperitoneal location of this type of hernia ([@ref51]).

![Right paraduodenal hernia in a 83-year-old man with mild abdominal pain and repeated episodes of vomiting for a few hours. Contrast enhanced CT scans, axial (a) and (b) and coronal reformatted image (c) and (d) show an encapsulated cluster of dilated jejunal loops in the right upper quadrant (white circles), lateral to the colon (C) and the II-III portion of duodenum (D) which appears located rightward. Gastric overdistention is also be observed (asterisks). Dilated and converging vessels (white arrow) are seen in the mesentery.](ACTA-90-20-g006){#F6}

Foramen of Winslow hernias (FWHs) {#sec1-5}
=================================

Background {#sec2-5}
----------

In the classic literature FWHs constitutes 8% of all internal hernias. Foramen of Winslow hernias are the most common type of "lesser sac hernia", in which viscera enter the lesser sac (a unique remnant of the primitive right peritoneal space) through the foramen of Winslow ([Fig. 7](#F7){ref-type="fig"}). Other types of "lesser sac hernia" include bowel herniation through abnormal aperture in only one leaf of the greater omentum or through the lesser omentum, composed of the gastrohepatic and hepatoduodenal ligaments ([@ref33]). In 60%-70% of cases the herniated viscera are small bowel loops; the terminal ileum, cecum and ascending colon are involved in about 25-30%. The transverse colon, gallbladder and omentum account for the remainder ([@ref32]). Several risk factors for this type of hernia have been described, including an enlarged foramen of Winslow, an usually long small bowel mesentery, common intestinal mesentery, an elongated right liver (such as Riedel lobe), persistence of the ascending mesocolon enabling increased mobility of the bowel ([@ref2], [@ref64]), a lack of fusion between cecum or ascending mesocolon to parietal peritoneum, a defect in the gastrohepatic ligament and finally an incomplete intestinal rotations or malrotations ([@ref65]).

![Graphic illustration of lesser sac and foramen of Winslow. L: liver; S:stomach; TC:transverse colon.](ACTA-90-20-g007){#F7}

Clinical findings {#sec2-6}
-----------------

The clinical findings of FWHs are often related to small bowel obstruction and occasionally to gastric outlet obstruction due to a compressive effect on the stomach by the herniated loops ([@ref66]). Patients often present with an acute onset of a progressive abdominal pain, that can be preceded by a change in abdominal pressure, usually attenuated by forward flexion or in the position of the knee in the chest ([@ref32]). An obstructive jaundice due to the compression of the hepatic pedicle by herniated gallbladder or bowel loops can also be observed, as reported by Numata et al. ([@ref67]) and Welaratne et al. ([@ref68]). Ye et al in 2002 have described the first case of obstructive jaundice and acute pancreatitis caused by a FWHs ([@ref69]).

Since FWHs are often strangulated at presentation, they are associated with a high mortality rate of up to 49% ([@ref65]).

Description {#sec2-7}
-----------

The epiploic foramen of Winslow is a congenital aperture located below the right border of the superior recess of the lesser sac, inferior to the caudate lobe of the liver, anterior to the inferior vena cava, superior to the second portion of the duodenum and posterior to the hepatoduodenal ligament (including hepatic artery, portal vein and bile duct). It represent the only communication between the greater and lesser peritoneal cavities ([@ref33]).

CT findings {#sec2-8}
-----------

The characteristic CT findings of FWHs ([Fig. 8](#F8){ref-type="fig"}) are the following: hydro-aerial levels in the lesser sac, posterior to the liver and between pancreas and stomach (which can be displaced antero-laterally) with a 'beak' directed toward the foramen of Winslow ('bird beak sign'); mesentery and associated vessels, often stretched through the foramen, located anterior to inferior vena cava and posterior to main portal vein, which can be compressed anteriorly; absence of the caecum and ascending colon in the right gutter; two or more bowel loops in the high sub hepatic space ([@ref2], [@ref70]). FWHs often presents similar radiographic features to that of left paraduodenal hernias; the absence of an encapsulated membrane is characteristic of the former, conversely a major mass effect on the transverse colon more commonly indicates a left paraduodenal hernia ([@ref24], [@ref38]).

![Foramen of Winslow hernia in a 72-year-old man with intermittent epigastric pain. Contrast-enhanced axial CT scans (a), (b) and (c) show cluster of small bowel loops located in the lesser sac (white circles) between liver and pancreas, posterior to stomach (displaced anteriorly) (asterisk) and anterior to inferior vena cava, which is compressed (white arrows)](ACTA-90-20-g008){#F8}

Pericecal hernias (PCHs) {#sec1-6}
========================

Background and Description {#sec2-9}
--------------------------

In the classic literature PCHs correspond of 13% of all internal hernias. Bowel loops, most commonly an ileal segment, herniate into the right paracolic gutter through a congenital or acquired (most commonly by adhesions) unusual defect in the cecal mesentery. Four different recesses in the pericecal region formed by folds of the peritoneum have been described: superior and inferior ileocecal recess, retrocecal recess and paracolic sulci ([@ref2], [@ref33], [@ref55]). However, the diagnostic features and surgical management of the four subtypes do not differ ([@ref60]).

Clinical findings {#sec2-10}
-----------------

Patients commonly report recurrent episodes of colicky intense right lower abdominal pain. Chronic incarceration may produce symptoms compatible with appendiceal disordes, intestinal diseases or intestinal obstruction caused by adhesions ([@ref32]). In PCHs however have been reported a higher incidence of occlusive symptoms ([@ref60]) ([@ref71]) with rapid progression to strangulation and a mortality rate that can be high as 75% ([@ref24], [@ref72]).

CT findings {#sec2-11}
-----------

With CT, a cluster of fixed and dilated small bowel loops with a sac-like appearance is noted, possibly extending into the right paracolic gutter, lateral to the cecum and posterior to the ascending colon, which can be displaced anteriorly or medially ([@ref2], [@ref33], [@ref60], [@ref73]) ([Fig. 9](#F9){ref-type="fig"}).

![Pericecal hernia in a 80-year-old man with a 1-day history of right lower abdominal pain and vomiting. Contrast-enhanced axial CT scans (a) and (b) show small bowel loops (white arrows) posterior to cecum (C) in right paracolic gutter producing small bowel obstruction](ACTA-90-20-g009){#F9}

Sigmoid-mesocolon related hernias (SMHs) {#sec1-7}
========================================

Background {#sec2-12}
----------

In the classic literature SMHs account for 6% of all internal hernias. Historically Benson et al have described three many types of internal hernias involving the sigmoid mesocolon, a peritoneal fold that suspends the sigmoid colon from the posterior parietal peritoneum: intersigmoid, transmesosigmoid and intramesosigmoid. The former have been reported as the most common ([@ref2], [@ref24]) ([@ref74]), despite most Japanese studies have found intramesosigmoid hernias accounting for approximately half the cases (50%-57.3%), followed by intersigmoid hernia (24.5%-35%) and transmesosigmoid hernia (15%-18%) ([@ref75]). These three categories are radiographically difficult to distinguish since they show similar CT findings, however not preoperative differentiation is required because surgical treatment is similar ([@ref24], [@ref60]).

Description {#sec2-13}
-----------

In the intersigmoid hernias small bowel, usually ileum, protrudes into the intersigmoid fossa, a congenital (found in 50-75% of autopsies) ([@ref74]) unusual retroperitoneal recess formed between the adjacent sigmoid segments and their relative mesenteries, located above and behind the apex of the root of the sigmoid mesocolon ([@ref33], [@ref60])In transmesosigmoid type bowel loops protrude without a hernia sac through a complete defect involving both of the peritoneal layers of the sigmoid mesentery, lying in a location lateral to the sigmoid itself. The third type, intramesosigmoid, is the herniation through only one peritoneal layer of the mesosigma (usually the left) so that the hernia sac lies within the sigmoid mesocolon ([@ref24], [@ref60]).

CT findings {#sec2-14}
-----------

CT findings in SMHs ([Fig. 10](#F10){ref-type="fig"}) are a cluster of dilated small bowel loops entrapped posterior and lateral to the sigmoid colon, with the defect most commonly located between the sigmoid colon and the left psoas muscle, or between sigmoid loops in the intersigmoid type ([@ref24], [@ref60], [@ref76]). In both inter- and intramesosigmoid types bowels show a sac-like appearance, absent in the transmesosigmoid type ([@ref33]). Often a mass effect can be observed, with displacement of the sigmoid colon antero-medially ([@ref24], [@ref76]). Furthermore splaying of the sigmoid vessels, as if they are wrapping the hernia sac, may suggest an intramesosigmoid hernia ([@ref33], [@ref77]).

![Sigmoid-mesocolon related hernia in a 80 year-old-man with acute left-sided abdominal pain. Contrast-enhanced axial CT scans (a) and (b) show encapsulated fluid-filled small bowel loops (white circles) protruding toward left lower abdomen through a defect in sigmoid mesocolon located near the left common iliac artery, between sigmoid colon (S) and the left psoas muscle (P). Convergence of engorged vessels grouped together at the entrance of the hernia orifice can also be seen (white arrow)](ACTA-90-20-g010){#F10}

Transmesenteric and Roux-en-y anastomosis-related (TMHs) hernias {#sec1-8}
================================================================

Background {#sec2-15}
----------

A transmesenteric hernia occurs in presence of a congenital or acquired abnormal defect, involving both layers of the small bowel mesentery, usually located close the ligament of Treitz or the terminal ileum ([@ref33], [@ref57]). The small bowel mesentery is a voluminous, fat-laden peritoneal reflexion that fixes the loops of the small intestine to the posterior abdominal wall and run obliquely down from its origin at the ligament of Treitz to the right toward the ileocecal junction ([@ref61]). TMHs are the most common internal hernia in children. In fact almost 35% of cases occur in the pediatric age due to congenital defect in the small bowel mesentery close to the ileocecal region as a consequence of prenatal intestinal ischemia leading to thinning of the mesenteric leaves associated with bowel atresia in 5,5% of the pediatric population ([@ref78]), partial regression of the dorsal mesentery, fenestration during the developmental enlargement of an inadequately vascularized area and an ileocecal mesentery with rapid and considerable lengthening in fetal life ([@ref2], [@ref54]). On the other hand, in the adult population TMHs are usually iatrogenic, being related to trauma, inflammation or previous abdominal surgery, in particular with Roux-en-Y anastomosis as in gastric by-pass or liver transplantation ([@ref2], [@ref24], [@ref60]). In the classic literature TMHs account for approximately 8% of all internal hernias, although actually their incidence is increasing. Because of wide differences in the number of cases and follow-up time among existing research reports, the morbidity of internal hernia after laparoscopic Roux- en-Y gastric bypass fluctuates wildly between 0.2% and 9.0% ([@ref79]).

Description {#sec2-16}
-----------

TMHs are difficult to detect due to the variability of their location since herniated bowel loops are not enveloped in a limiting sac and therefore can potentially be anywhere in the peritoneal cavity; however, they are detected more frequently in the right mid abdomen, usually adjacent to the abdominal wall ([@ref24], [@ref39]). Roux- en-Y anastomosis-related hernias usually occur more than one month after surgery and are more associated with the retrocolic procedure, in which the Roux limb passes through a complete defect created in the transverse mesocolon. After surgery, the defect can be incompletely closed or have a breakdown or a pulling of the suture material through the mesocolic fat; moreover enlargement of the mesenteric aperture can occur with repeated herniations or rapid weight loss and decreased peritoneal fat, common in bariatric patients, with consequent bowel herniation ([@ref24], [@ref80]-[@ref82]). Furthermore, transmesenteric internal hernias in the adult postoperative patients more often occur after a laparoscopic rather than open approach because of lack of intra-abdominal adhesions required for fixation of the Roux-limb to prevent its displacement and to close mesenteric defects, as reported by Higa et al and Merkle et al. ([@ref83], [@ref84]).

Three types of Roux -en-Y related hernias have been described: '*transmesocolic'*, the most common, in which bowel loops herniate through the surgical defect in the transverse mesocolon with possible mass effect on the stomach and displacement of the transverse colon anteriorly and inferiorly ([@ref24], [@ref33]); '*jejunostomy mesenteric'* if bowel prolapse through a defect in the small-bowel mesentery of the jejunojejunostomy site and finally the '*Petersen type'*, in which bowel loops protrude behind the Roux loop before the small bowel eventually passes through the defect in the trasverse mesocolon in a space called Petersen defect, located between the jejunal mesentery of the Roux limb and transverse mesocolon ([@ref24], [@ref81], [@ref84]). A deformed and displaced Roux limb, biliopancreatic limb and transverse colon may serve as landmarks of these hernias ([@ref33]).

Clinical findings {#sec2-17}
-----------------

Clinical findings of a TMHs often include signs of small bowel obstruction ([@ref60]) with a more acute symptoms onset than other internal hernias ([@ref24], [@ref40]); vomiting is frequently absent because few secretions accumulate from the proximal gastric pouch or the Roux limb ([@ref84]). A palpable abdominal mass representing "the Gordian knot of herniated intestine" may be present in a minority of patients ([@ref24]). Due to the lack of delimitation which allow protrusion of a considerable length of bowel ([@ref25]) and the small diameter of the mesenteric aperture (2-5 cm), transmesenteric hernias are more liable than other subtypes to develop volvulus and strangulation or ischemia, with an incidence of 30% and 40% respectively and high mortality rates reaching about of 50% for the treated groups and 100% for the non-treated groups ([@ref24], [@ref40]).

CT findings {#sec2-18}
-----------

Blachar et al. in 2001 have described the presence of clustered, compressed small bowel loops in the periphery of the abdominal cavity and the lack of omental fat between the loops and the abdominal wall as the most useful CT signs for the detection of a transmesenteric hernia. The herniated bowels appeared lateral to the colon (a reversal of the normal anatomic arrangement) with central, inferior and posterior displacement of the transverse colon and inferior and medial displacement of the hepatic flessure ([@ref40]). Another study concluded that the only statistically significant CT signs predictors of a transmesenteric hernia are clustering of small bowel loops, especially those that are adjacent to the abdominal wall, mesenteric vessel abnormalities including stretching, crowding and engorgement, a displacement of the main mesenteric trunk to the right and signs of small bowel obstruction ([@ref39]) ([Fig. 11](#F11){ref-type="fig"}).

![Transmesenteric hernia in a 28 year-old man with lower abdominal pain. Contrast-enhanced axial CT scan (a) and sagittal reformatted image (b) show distended ileal loops with poor enhancement of walls (white circles) adjacent to the right abdominal wall. The mesenteric vessels are engorged and crowded (white arrow)](ACTA-90-20-g011){#F11}

Dilauro et al. described the mesenteric swirl and small bowel obstruction as the CT signs with the highest accuracy for diagnosis of internal hernia after laparoscopic Roux-en-Y gastric bypass. The authors introduced two new signs: a 'SMV beaking' (a decreased calibre of SMV with beaked appearance), and 'criss cross appearance' of the second order mesenteric vessels with reversal of the SMV and SMA anatomic relationship ([@ref85]). In literature other CT signs associated with internal mesenteric hernia following Roux-en-Y bypass gastric surgery have been described, like 'the mushroom sign' (a mushroom shaped mesenteric root between the SMA and the distal mesenteric arterial branch), the 'hurricane eye' sign (distal tubular mesentery with surrounding small bowel loops), a small bowel loop behind the SMA, abnormal position of the jejunojejunostomy, and 'weeping mesentery' (edematous mesentery with enlarged lymphnodes) ([@ref33], [@ref85]-[@ref87]) ([Tab. 4](#T4){ref-type="table"}) ([Fig. 12](#F12){ref-type="fig"}).

###### 

CT signs associated with Roux-en-Y anastomosis related hernia

  ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Swirled mesenterySmall-bowel obstructionHurricane eyeSMV beakingCriss cross appearanceMushroom signSmall-bowel behind superior mesenteric arteryWeeping mesenteryRight-sided anastomosis
  ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

![Petersen hernia in a 40 year-old-woman with nausea and vomiting 6 months after a Roux-en-Y gastric by-pass. Contrast-enhanced axial CT scans (a) and (b) show grouping of small bowel loops near anterior abdominal wall (white circles). A mushroom shape of the herniated mesenteric root (white arrow) and a decreased calibre of SMV with a beaked appearance are also seen (arrowhead)](ACTA-90-20-g012){#F12}

Transomental hernias (TOHs) {#sec1-9}
===========================

Background and Description {#sec2-19}
--------------------------

Traditionally, TOHs make up 1-4% of all IHs. The term "transomental hernia" usually refers to herniation, most commonly of small bowel loops, cecum and sigmoid colon, through or into a congenital or acquired abnormal defect of the greater omentum from 2 to 10 cm in diameter involving both leaves (four peritoneal layers) and located in the periphery near the free edge ([@ref2]) .

CT findings {#sec2-20}
-----------

CT findings are often identical to those of a transmesenteric hernia, however characteristic features of TOHs are dilated bowel loops, without a sac-like appearance, located in the most anterior portion of the peritoneal cavity with omental vessels that run vertically around the hernia orifice ([@ref2], [@ref24]) ([Fig. 13](#F13){ref-type="fig"}).

![Transomental hernia in a 49 year-old man with diffuse abdominal pain. Contrast-enhanced axial CT scan (a) and coronal reformatted image (b) show small bowel loops (white circle) with converging mesenteric vessels and fat in the hernia orifice (white arrow). Omental vessels (arrowheads) running vertically are also seen](ACTA-90-20-g013){#F13}

Supravesical and pelvic (PIHs) internal hernias {#sec1-10}
===============================================

Background {#sec2-21}
----------

Supravesical and pelvic internal hernias account for approximately 6% of all IHs. Broad ligament hernia is the most common type of pelvic internal hernias, a rare and heterogeneous group of IHs that occur in the pelvis, including also hernias through the perirectal fossa and fossa of Douglas ([@ref33]). Bowel loops, usually small intestine, protrude through or into an abnormal aperture in the left or right broad ligament of the uterus, especially in multiparous middle-aged women as a consequence of developmental peritoneal defect around the uterus or acquired conditions such as pregnancy and birth trauma, injuries following vaginal manipulations or inflammatory pelvic diseases ([@ref2], [@ref88]). Herniation of colon, ovary and ureter have also been described ([@ref33], [@ref89]). Cameron et al. have reported the first case of SBO and ischemia secondary to an internal hernia due to both a defect in the broad ligament and wrapping of the fallopian tube around the bowel ([@ref90]).

Description {#sec2-22}
-----------

According to the classification scheme proposed by Hunt, three categories of broad ligament hernias related to the degree of the defect have been described: '*fenestra type'*, the most common, if both two peritoneal layers of the broad ligament are involved, '*pouch type'*, if the defect is in only one of the two layers whereby the visceral structures would be entrapped within a sac in the parametrial tissue, and '*hernia sac type'*, whereby a double layer of attenuated peritoneum lines the herniated bowel, forming a true internal hernia ([@ref88]). Cilley et al. ([@ref91]) introduced a new classification based on the anatomic position of the defect, which included three categories: type 1, defect caudal to the round ligament; type 2, defect above the broad ligament; and type 3, defect between the round ligament and remainder of the broad ligament, through the mesoligametum teres ([@ref88]).

In internal supravesical hernias intestine protrude downward into a space around the bladder through supravesical fossa, a triangular area bounded laterally by the left or right medial umbilical ligament, medially by the median umbilical ligament and inferiorly by the peritoneal reflection passing from the anterior abdominal wall to the dome of the urinary bladder ([@ref33], [@ref92], [@ref95]-[@ref99]). Skandalakis et al. proposed the terms "anterior supravesical", "right or left lateral supravesical", and "posterior supravesical" depending on whether the hernia passed in front of, beside or behind the bladder, respectively.

CT findings {#sec2-23}
-----------

CT findings of broad ligament hernias include a cluster of dilated small bowel loops herniated in the pelvic cavity laterally to the uterus with a displacement of the rectosigmoid dorso-laterally and of the uterus ventrally and enlargement of the distance between the uterus and the ovary deviating in opposite directions. Furthermore mesenteric vessels of herniated loops penetrating the broad ligament may be seen ([@ref33], [@ref88]). In supravesical internal hernia usually CT scans show bowel loops with a sac-like appearance pass into the space of Retzius and lay in front of the compressed bladder on the left or right. These patients can present with bladder irritation and dysuria, as the bladder is compressed by the small bowel ([@ref33], [@ref93], [@ref94]) ([Fig. 14](#F14){ref-type="fig"}).

![Internal supravesical hernia in a 67-year-old woman with a two-day history of lower abdominal pain. Contrast-enhanced axial CT scan shows intestine loops (white circle) to the left of the urinary bladder.](ACTA-90-20-g014){#F14}

Conclusions {#sec1-11}
===========

Although internal hernias are uncommon conditions, they must be considered in the differential diagnosis of acute abdominal pain, especially in presence of strangulated closed loop small bowel obstruction without external hernias or history of previous surgery or trauma and in gastric bypass patients. In the acute setting a prompt imaging diagnosis is mandatory in order to avoid intestinal ischemia and necrosis. Radiologists play a key role in detection of internal hernias and it is very important for them to be familiarized with the anatomy, aetiology and CT signs of these hernias to aid an accurate and quickly preoperative diagnosis and improve patient's outcome guiding surgeons to ensure the appropriate management in order to reduce morbidity and mortality rates.
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